Abstract: Molecular characterization of pyrogenic organic matter (PyOM) is of great interest to understand the for-mation and behavior of these increasingly abundant materials in the environment. Two molecular marker methods have often been used to characterize and trace PyOM: polycyclic aromatic hydrocarbon (PAH) and benzenepolycarboxylic acid (BPCA) analysis. Since both methods target pyrogenic polycyclic com-pounds, we investigated the linkages between the two approaches using chars that were produced under controlled conditions. Rye and maize straws and their analogues charred at 300, 400 and 500°C, respec-tively, were thus analyzed with both methods. Moreover, we also measured BPCAs directly on the lipid extracts, on which PAHs were analyzed, and on the respective extraction residues, too. Both methods revealed important features of the chars, in particular the increasing degree of aromatic condensation with increasing highest heating temperature (HTT). The overlap between the two methods was identified in the lipid fraction, where the proportion of benzenetricarboxylic acids (B3CAs) correlated with PAH abundance. The results confirmed the validity and complementarity of the two molecular marker meth-ods, which will likely continue to play a crucial role in PyOM research due to the recent developments of compound-specific PAH and BPCA stable carbon (d¹³C) and radiocarbon (¹C) isotope methods. Molecular characterization of pyrogenic organic matter (PyOM) is of great interest to understand 13 the formation and behavior of these increasingly abundant materials in the environment. Two 14 molecular marker methods have often been used to characterize and trace PyOM: polycyclic 15 aromatic hydrocarbon (PAH) and benzenepolycarboxylic acid (BPCA) analysis. Since both 16 methods target pyrogenic polycyclic compounds, we investigated the linkages between the two 17 approaches using chars that were produced under controlled conditions. Rye and maize straws 18 and their analogues charred at 300, 400 and 500 °C, respectively, were thus analyzed with both 19 methods. Moreover, we also measured BPCAs directly on the lipid extracts, on which PAHs 20 were analyzed, and on the respective extraction residues, too. 
increasing highest heating temperature (HTT). The overlap between the two methods was 23 identified in the lipid fraction, where the proportion of benzenetricarboxylic acids (B3CAs) 24 correlated with PAH abundance. The results confirmed the validity and complementarity of the 25 two molecular marker methods, which will likely continue to play a crucial role in PyOM research 26 due to the recent developments of compound-specific PAH and BPCA stable carbon (δ 13 C) and 27 radiocarbon ( 14 C) isotope methods. between the small aromatic PAH moieties and the larger, condensed polycyclic structures, as 95 indicated by BPCAs, can be assessed with the two methods when applied to real pyrogenic 96 sample materials. We thus measured PAHs and BPCAs on two different straws (rye and maize) 97
and their corresponding chars with highest heating temperatures (HTT) of 300, 400 and 500 °C, 98
respectively. Moreover, we also analyzed BPCAs on the same lipid extracts, on which PAHs 99 were measured, and determined BPCAs on the resulting extraction residues, too. 100 101
Materials and methods 102
Chars were produced by heating rye (Secale cereal L.) and maize (Zea mays L.) straw samples 103 for 2 hours in a pre-heated muffle furnace at 300, 400 and 500 °C, respectively (Rennert et al., 104 2008). Al foil was used to limit oxidation during the charring process. Straw and char samples 105
were subsequently milled to fine powder before chemical analysis. This study highlighted the similarities and differences of the two most common molecular marker 220 methods for PyOM. Despite having minimally overlapping analysis windows and traditionally 221 serving different research purposes, they are both highly informative for PyOM characterization 222 as they provide valuable information about its molecular composition that is strongly linked to 223 combustion conditions. We could demonstrate that the two molecular marker approaches find 224 common ground when the lipid fraction is considered, which confirms the validity and theoretical 225 assumptions of both methods. Large benefits can derive from the simultaneous application of 226 the PAH and the BPCA method to relevant environmental sample materials. The combination of PAHs considered in this study as well as for total PAH abundance. 
